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Objective: Previous studies have shown that stunting increases the risk of obesity in developing countries, particularly among
girls and women, but the underlying reasons are not known. This study aimed to investigate the relationship between stunting,
weight gain, and resting metabolic rate.
Design and subjects: A prospective study was conducted over 36 months with girls from shantytowns in Sa˜o Paulo, Brazil. A
total of 15 stunted girls (S) were compared with 15 nonstunted (N) ones of similar weight for height ratio.
Interventions: Resting metabolic rate was measured using indirect calorimetry, and the socioeconomic status was determined
by interviews in the household. In addition, body composition was measured by skinfold thickness, while the growth rate was
calculated dividing the change in weight and the change in height by the follow-up period.
Results: The results of the present study, when combined, revealed that the S group had a lower resting metabolic rate
throughout the follow-up period with the differences being significant at 24 and 36 months of follow-up, associated with an
increase in the rate of weight gain and a decrease in lean mass, when compared to the N group.
Conclusions: These changes are known to be risk factors for obesity and may help to explain the particularly higher prevalence
of obesity in women in urban areas of developing countries.
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Introduction
The most important risk factors or immediate causes that
lead to stunting worldwide are all associated with events
in early life: poor maternal nutritional status at the time
of conception, intrauterine malnutrition, inadequate breast
feeding, delay in starting complementary feeding, inade-
quate complementary feeding in terms of quality and
quantity, deficient absorption of nutrients due to intestinal
infections or parasites, or a combination of all these
problems (Allen & Gillespie, 2001). Stunting sets in early,
within the first 3 y of life.
From a physiological standpoint, stunting is the best
indicator for chronic nutritional deficit. In addition, it is
a good marker for nutrition deficit because of its higher
prevalence (33%) worldwide (Allen & Gillespie, 2001), and a
good indicator to evaluate the quality of living and the
degree of poverty in a population, as several studies have
demonstrated (WHO, 1995).
Data from studies in Brazil from others and us revealed an
association between short stature and obesity in women, but
not in men (Velasquez-Melendez et al, 1999; Sichieri et al,
2000; Floreˆncio et al, 2001). Studying the nutritional status
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of 1247 individuals of a community, living in the out-
skirts of Maceio´ (northeastern Brazil), a high prevalence of
overweight–obesity (25%) and stunting (22%) was found. Of
the stunted individuals, 30% were overweight or obese. In a
cross-sectional study conducted in children living in shanty-
towns from Sa˜o Paulo we found, using multiple regression
models (which included fat-free mass and fat mass), lower
total energy expenditure in girls than boys (Hoffman et al,
2000a). In addition, the stunted children (both boys and
girls) had lower fasting fat oxidation rate (Hoffman et al,
2000b). These factors strongly predict excess weight gain
especially among girls. In a recent prospective study using
Dual-energy X-Ray Absorptiometry, our research group also
showed that stunted children gained less lean body mass and
more fat mass than their nonstunted counterparts (Martins
et al, 2004).
The present study investigated in a prospective cohort
changes in weight gain and resting metabolic rate over 36
months of follow-up, in stunted and nonstunted girls.
Subjects and methods
Subjects
A total of 30 girls aged 7–11 y old were randomly selected.
This sample was obtained after carrying out a census through
household visits in six shantytowns in the city of Sa˜o Paulo,
Brazil. The sample studied represented 37% of total children
from this age group living in the area. They were divided into
two groups according to the nutritional status, stunting and
nonstunting, and followed for 36 months.
The number of children was calculated according to
previous studies using resting, metabolic rate as the defining
variable. Power calculations based on different intergroups
and their respective standard deviations showed that 15
children/group were enough to secure a test potency of
80% and to detect differences to a significance level of 0.05.
Clinical evaluation was used to include only girls at
development stage 1 for pubic hair and breasts, P1 and M1,
respectively. Basal levels of Lutein Hormone (LH) were
measured using a sensitive immunofluorimetric assay for
laboratory confirmation of Stage M1 of pubertal develop-
ment, and this evaluation was repeated at 24 and 36 months
of follow-up. Fasting blood samples (10 ml) were taken
between 07.00 and 10.00 h AM. Pubertal stage was evaluated
using the criteria defined by Tanner (1969). At screening all
girls showed basal LH levels below 1.0 U/l. For statistical
analysis children were classified as prepubertal or pubertal,
according to the cutoff point (breast–stage 2 for girls)
recommended by the WHO (1995). Children who have
reached these stages have begun their pubertal growth
spurts.
The study was approved by the Ethical Committee of the
Federal University of Sa˜o Paulo/Paulista School of Medicine
(UNIFESP/EPM), and written informed consent was obtained
from the parents and/or legal guardians on the first house-
hold visit.
Socioeconomic and environmental conditions
A questionnaire answered by the parents and/or legal
guardians yielded data on the characteristics of the house-
hold and basic sanitation, number of family members and
family income, level of schooling, child’s birth sequence in
the family. This questionnaire was repeated at 12, 24, and 36
months of follow-up.
Nutritional assessment
The nutritional status in girls younger than 10 y old was
assessed using the computer program ANTHRO (Sawaya et al,
1995), based on the ZSANTH subroutine of the Center for
Disease Control and Prevention in the United States, taking
into account each individual’s age, sex, height, and weight.
The nutritional status was classified in accordance with the
American standard set by the National Center for Health
Statistics (NCHS) (Hamill et al, 1979), using the criteria
weight/age, height/age, and weight/height (WHO, 1995).
The definitions of undernutrition used in the current study
were described in a previous study, being modified after the
recommendations of Waterlow (1976, 1977). For the selec-
tion of the groups, a cutoff point ofo95% of the median for
height/age and 90–110% of the median for weight/height
was used to define stunted children. The group of non-
stunted children was selected using values of weight/height
within the 90–110% of the median range and height/age
Z95% of the median.
Body composition
Body weight was obtained using an electronic scale (Kratos)
with a 150 kg maximum load and 50 g precision after 10 h of
overnight fasting. Height was obtained using a two-m
measuring tape (Microtoise-Stanley, Mabo Ltd), divided into
centimetres and subdivided into millimetres, with a plastic
view finder and a set-square attached to either end
(Cameron, 1984). Mid-arm, waist, and hip circumference
measures were obtained using the techniques proposed by
Cameron (1984) with an antropometric tape (Mabis Tape
Measure). Mean values from three consecutive measure-
ments of the triceps skinfold thickness (TST) (Weiner &
Lourie, 1969) and of the subscapular skinfold thickness (SST)
(Lohman et al, 1991) using a Lange caliper were calculated.
The percentage of body fat was calculated according to the
equation from Slaughter et al (1988): % fat¼1.33 (mean
TSTþmean SST)–0.013 (mean TSTþmean SST)22.5. Total
body fat in kilograms was calculated according to Gibson
(1990). Regular visits (every 3 months) were done to the
households throughout the follow-up for anthropometric
measurements. From 24 to 36 months home visits were
made once every 4 months. A well-trained research student
performed all measurements. The results of body fat
measured by skinfold thickness were compared to those
obtained by dual-energy X-ray absorptiometry. A positive
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correlation at 12 (r¼0.83) and 36 months (r¼0.89) of
follow-up was observed.
Resting metabolic rate
At 0630 h and after a 10 h overnight fasting, the girls were
brought by car from their homes to the Laboratory of
Exercise and Respiratory Physiology at the Federal University of
Sa˜o Paulo. After lying quietly for 30min Resting metabolic rate
(RMR) was measured by indirect calorimetry (Sensomertric,
Vacumed Co., US.) for a period of 30 min using a mask. A
calibration was made after each measurement. The children
returned to the Laboratory to have their RMR measured
again at 12, 24, and 36 months of follow-up.
Growth rate
The rate of growth was calculated by dividing the change
in weight per year and the change in height per year, in
absolute values according to Martell et al (1988).
Food intake
During household visits, food intake was measured through
food weighing in a 7-day period to calculate the mean of the
children’s food intake throughout the week. Some days
before the start of food weighing, mothers and children were
given detailed explanations and the technique was demon-
strated. Meals, as breakfast, school snacks (depending on the
school schedule), and snacks were weighed under the
researcher’s direct supervision, while dinner and fortuitous
night meals were weighed by children’s mothers. Foods
ingested between the meals was also weighed. Energy and
macronutrient intakes were calculated using a computer
software developed by UNIFESP (Programa de Apoio a
Nutric¸a˜o do Centro de Informa´tica em Sau´de) (Anc¸a˜o et al,
1993). The same technique was used to calculate the food
intake after the 36-month of follow-up.
Statistical analysis
Statistical analysis was performed by STATISTICA version 5.1.
for WINDOWS (Statsoft Inc.). Differences in pubertal stage
distribution between stunted and nonstunted girls were
assessed using Fisher’s exact test (prepubertal vs pubertal). In
the two groups, the values obtained for the different
variables over time were analysed using the two-factor
repeated measure analysis of variance (GROUP and TIME)
(Po0.05). When significant differences were detected re-
garding the group or the interaction group vs time, the
Duncan amplitude test was applied taking Po0.01, in view
of the many a posteriori comparisons eventually necessary.
The values for RMR were examined using the two-factors
(GROUP and TIME). An analysis of covariance was used to
assess RMR differences by groups (nonstunted and stunted),
with the time as the repeated measure and the fat-free mass
(FFM) as a covariate. The interaction between time and
group was examined. Correlation measures for RMR and lean
body mass were obtained using the Pearson correlation
coefficient. The odds ratio was used as a measure of the
association between the nutritional status (stunted or
nonstunted) and the variables related to the socioeconomic
conditions, with 95% confidence of interval.
Results
The anthropometric characteristics throughout follow-up
are presented in Table 1. Stunted girls had lower values
for height, weight, height/age, lean body mass, and resting
metabolic rate, but similar values for body mass index and
body fat expressed as a percent of body weight. When
assessing body composition using skinfold thickness no
differences were found in body fat percentage between the
two nutritional groups.
No differences were found in pubertal stages between the
two groups either at the beginning or the end of the follow-
up period. Breast development as shown in Table 2 started as
expected between 9 and 10 y, as well as pubic hair.
Concerning energy, macronutrient and micronutrient
intakes, no differences between groups were found during
Table 1 Characteristics of the girls during follow-upa
Baseline 12 months 24 months 36 months
N (n¼15) S (n¼15) N (n¼15) S (n¼15) N (n¼15) S (n¼15) N (n¼13) S (n¼13)
Age (years) 8.670.9 9.171.1 9.67.9 10.171.1 10.670.9 11.171.1 11.670.9 12.171.1
Weight (kg) 26.373.2 23.6***73.5 31.174.8 26.7***74.1 35.876.1 31.2***75.1 41.077.6 36.8***77.6
Height (cm) 128.276.1 121.9***76.4 134.776.4 128.0***76.7 141.377.1 133.8***77.6 14877.4 140.6***77.7
Height/age (Z-score) 0.2970.9 1.84***70.3 0.2170.9 1.78***70.4 0.1870.9 1.82***70.6 0.1170.9 1.69***70.6
Body mass index (kg/m2) 15.971.1 15.871.4 17.171.9 16.271.5 17.872.2 17.471.8 18.672.7 18.572.6
RMR (kj/day) 43737516 43187620 41637779 40687902 51167840 4347**7978 55707937 4510***7815
Lean body mass (kg) 21.4***72.2 19.772.7 25.1***73.1 22.072.9 28.2***73.6 24.973.6 31.9***74.4 29.075.0
Body fat (%) 18.271.1 16.3**73.1 18.874.8 17.173.6 20.675.6 19.974.1 21.375.9 20.875.0
aValues are x7s.d.
**Po0.01; ***Po0.001 (significant group effects — Duncan amplitude test).
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the study period. With reference to nutritional composition
of ingested foods in terms of macronutrients, the non-
stunted and stunted groups showed similar values in both
the beginning (nonstunted: lipid¼30.2%, carbohydrate¼
56.5%, protein¼13.3%; stunted: lipid¼29.6%, carbo-
hydrate¼56.2%, protein¼14.2%) and at the end of the
study (nonstunted: lipid¼30.1%, carbohydrate¼56.8%,
protein¼13.1%; stunted: lipid¼30.3%, carbohydrate¼
56.6%, protein¼13.1%).
Anthropometric measurements of parents were also made
to account for genetic differences. No differences of mean
values for weight (father: N¼71.476.7; S¼72.7710.9;
P¼NS; mother: N¼58.676.8; S¼56.6710.5; P¼NS),
height (father: N ¼167.176.1; S¼164.277.4; P¼NS;
mother: N¼153.578.5; S¼153.677.4; P¼NS), as well as
the body mass index for parents were found when the two
groups were compared (father: N¼25.672.3; S¼27.174.5;
P¼NS; mother: N¼25.174.4; S¼24.073.9; P¼NS).
Table 3 shows the association between socioeconomic
variables and nutritional status. The dwellings with per
capita income below the median of both groups (N þ S) had
a significant 16, 7.5, and 30 times greater risk of under-
nutrition at baseline, 12 and 36 months of follow-up,
respectively, when compared to those with an income above
the group median. Illiterate mothers had a six times higher
risk of bearing undernourished girls than did mothers with
some formal schooling. The risk of undernutrition within
the family was 4.1 times greater in those families whose
number of children was above the median of the groups
(median¼4).
In absolute terms (J/day), the N and S groups did not
present significant differences in the RMR at baseline. Over
time, however, the values for the two groups rose distinctly.
The existence of interaction also revealed that, as the
study progressed, the values for both groups grew
increasingly apart, being significantly lower in the S group
at 24 and 36 months of follow-up (Figure 1). Analysis
of covariance was then performed using anthropometric
variables to check if the differences found in the two
RMR curves remained unchanged after controlling for the
differences between the groups in weight/age, height/age
Z-score and percentage of the median, weight/height in
percentage of the median, lean mass, total body fat in
kilograms and as a percentage. The results of this analysis
showed that the interaction factor for all the variables and
the time factor for the variables weight/age, height/age, and
weight/height remained significant, indicating that over the
follow-up time RMR was different between the N and S
groups, even when controlling for anthropometric and body
composition differences (data not shown). As no differences
were found in pubertal stages no corrections were made with
this variable.
Table 2 Pubertal stages in nonstunted (N) and stunted (S) girls throughout follow-up
Baseline 24 months 36 months
Breast EU % DP % EU % DP % EU % DP %
B1 100 100 20 13.4 0 0
B2 0 33.3 40 7.7 7.7
B3 0 0 33.3 26.6 46.1 46.1
B4 0 0 13.4 20 23.1 23.1
B5 0 0 0 0 23.1 23.1
Pubic hair
P1 100 86.7 33.3 53.3 15.5 46.1
P2 0 13.3 20 26.7 23 7.7
P3 0 0 33.3 20 23 30.8
P4 0 0 13.4 0 30.8 7.7
P5 0 0 0 0 7.7 7.7
Table 3 Association between socioeconomic variables and nutritional status at different moments of follow-up
Variables Months of follow-up Odds ratio Confidence interval 95% P
Per capita income — US$ (r71.8 vs 471.8)a 0 16 2.1–139.4 o0.01
Per capita income — US$ (r72.4 vs 472.4)a 12 7.5 1.2–52.1 o0.05
Per capita income — US$ (r90.6 vs 490.6)a 24 2.25 0.4–12.4 NS
Per capita income — US$ (r76.5 vs 476.5)a 36 30.25 2.7–417.9 o0.001
Birth order (r4 vs 44)a 3.5 0.55–26.34 NS
No. of children in the family (r4 vs 44)a 0. 12. 24 4.1 0.71–25.90 o0.01
No. of children in the family (r4.5 vs 44.5)a 36 5.1 0.75–36.99 ¼0.05
Maternal illiteracy 0.12. 24. 36 6 0.94–44.94 o0.05
aMedian in both groups (Nþ S) for each follow-up time.
NS, not significant.
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Figure 2 shows that the stunted group had significantly
higher waist-to-hip ratio than normal girls during the study.
Although the difference between the stunted and the
nonstunted group was not significant, the interaction
(Po0.001) revealed that the curves presented different
patterns during the study.
Figure 3 shows the regression lines of stunted and normal
groups. Both regressions are significant, although no
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Figure 1 Resting metabolic rate (J/day) (mean7s.d.) over the
follow-up time (nonstunted B; stunted ’). ANOVA: group factor
(F(1.20)¼3.04; P¼NS), time factor (F(3.60)¼12.7; Po0.001), and
interaction factor (F(3.60)¼4.7; P¼0.005).
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Figure 2 Waist-to-hip ratio (mean7s.d.) over the follow-up period
(nonstuntedB; stunted ’). ANOVA: group factor (F(1.24)¼1.36;
P¼NS), time factor (F(9.216)¼6.45; Po0.001), and interaction
factor (F(9.216)¼3.72; Po0.001).
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Figure 3 Regression lines of stunted (r2¼0.40) and nonstunted (r2¼0.26) groups. Both regressions are significant at 0.05. The s.d. error of
estimate is 640.53 for the stunted and 816.31 for the nonstunted group. There is no difference between the groups according to resting
metabolic rate (RMR) and fat free mass (FFM).
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difference was found between groups. At baseline and after
12 and 36 months of follow-up, there was a significant and
positive correlation between the RMR and lean body mass in
the two groups studied: N group: r¼0.56; 0.61; 0.81, and S
group: r¼ 0.80; 0.73; 0.63, respectively. At 24 months, only
the S group had a significant correlation (r¼ 0.59) between
these variables.
Figure 4 shows that, throughout the study, the rate of
weight gain rose in the S group, but not in the N group, as
the interaction was significant.
Figure 5 shows the reduction over time of the RMR
expressed in Joules per body weight in kg/day. Owing to
the significant interaction, stunted girls showed a steeper
decrease than the nonstunted girls.
Discussion
This 36-month prospective cohort attempted to characterize,
from a socioeconomic and metabolic standpoint, stunting in
school-age girls living in shantytowns in the city of Sa˜o
Paulo. The choice of girls was made based on results obtained
by Sawaya et al (1995) showing that the prevalence of
overweight and obesity associated with stunting was more
frequent in girls (35%) than in boys (10.8%). This observa-
tion was repeated by other studies in Brazil (Sichieri et al,
1995, Florencio et al, 2001).
The present study confirms that stunted girls had worse
socioeconomic conditions than those who were nonstunted,
with significant risk factors for undernutrition such as worse
per capita income, higher number of siblings in the family,
and maternal illiteracy (Gupta, 1990; Pelto et al, 1991; Amigo
et al, 2001). In addition to excluding genetic differences that
could explain stunting, means of height and weight from
parents were evaluated. The similarity between the two
groups reinforced the environmental cause of stunting
found in this study.
One other aspect analysed in this study was the presence
of alterations with regard to energy expenditure, calculated
by measuring the RMR. A study carried out in 1988, for
instance, demonstrated that adaptive changes in the thermo-
genesis of undernourished workers may occur with the
purpose of conserving energy when energy intake is
insufficient (Kurpad et al, 1989). Another study in 1991
showed that individuals with low caloric intake and low
body mass index had a lower RMR when compared to
controls with a normal energy intake; nevertheless, no
statistically significant differences were found after adjusting
the values for body weight and lean mass (Soares et al, 1991).
Roberts et al (1988) noticed that among Caucasian children
born to obese mothers, those who were overweight on their
first birthday had, when they were 3 months old, an RMR
lower than that found in the other kids. A study carried out
with adult Pima Indians revealed an association between low
RMR adjusted for differences in body size and an increased
risk of weight gain (Ravussin & Swinburn, 1993). Few studies
were found in the literature that examined RMR in school-
age children. Spurr and Reina (1987, 1988, 1989) studying
Colombian boys and girls between 6 and 16-y age, controls,
and chronically undernourished children (weight/age and
weight/height o95%), and Soares-Wynter & Walker (1996),
studying school-age children, controls, and stunted children
(mean height/age —1.98 Z-score and weight/height —0.65)
found lower values for RMR in Joules/day in the under-
nourished groups.
In a cross-sectional study from our laboratory, we found
lower RMR in stunted boys and girls living in the same
conditions as in this study when the results were expressed
in either Joules/day or kg of body weight. But when RMR was
adjusted for lean body mass or body weight these differences
disappeared (Hoffman et al, 2000a).
In the present results we did not find differences in RMR
at the beginning of the study probably because of the better
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Figure 4 Rate of weight gain/y (mean7s.d.) over the follow-up
time (nonstuntedB; stunted ’). ANOVA: group factor
(F(1.24)¼0.01; P¼NS), time factor (F(2.48)¼3.99; P¼0.02), and
interaction factor (F(2.48)¼3.99; P¼0.002).
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Figure 5 Resting metabolic rate (J/kg/day) (mean7s.d.) over the
follow-up time (nonstunted B; stunted ’). ANOVA: group factor
(F(1.20)¼0.59; P¼NS), time factor (F(3.60)¼30.94; Po0.001),
and interaction factor (F(3.60)¼4.7; P¼0.005).
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nutritional status than in the previous study, as those
children were more undernourished. However, in the
present prospective study, a lower increase in RMR over time
with higher velocity of weight gain was found. During the
first year of follow-up, stunted children gained around 3 kg
whereas nonstunted (as they were heavier) gained more than
4 kg. However, after that period the velocity of weight gain
of the S group surpassed the nonstunted, and at the end of
follow-up stunted children were gaining around 6 kg/y
whereas the nonstunted kept the velocity of weight gain
constant. The mechanism by which this difference occurs
is not known. It is possible that stunted girls have a better
metabolic efficiency as described in animal labs during
catch-up in weight after nutritional deprivation (Crescenzo
et al, 2003). Owing to the short period of follow-up, we
cannot say for sure whether this higher velocity of weight
gain will lead to obesity. This is a limitation of the present
study.
RMR per kilogram of body weight normally decreases as
individuals grow due to changes in body composition, with a
reduction in the proportion of those organs with a high
metabolic rate and a build-up in muscle mass, which has a
relatively lower metabolic rate (Holliday et al, 1967, Holliday,
1971). In the present study, when RMR was expressed per
kilogram of body weight both groups showed a decline in
RMR over time; such decline, however, was sharper in the
S group than in the N group, which goes in line with lower
gain lean body mass in the stunted girls.
These results point to the importance of studying RMR,
insofar as low RMR may indicate a potent mechanism for
conservation of energy. Following these results, data from
the current study show that RMR was positively associated
with lean body mass in both groups throughout the follow-
up period. These results demonstrate that the lean mass was
an important determinant of RMR in these children.
Another useful tool to assess the variation in nutritional
status in longitudinal studies is measuring the velocity of
growth rate. There are just a handful of longitudinal studies
in the literature with data on velocity of growth rate in
school-age children. When comparing the growth rate in
normal Sudanese children to the Tanner standard, Sukkar
et al (1980) found mean values for velocity, both in weight
gain and in height, below the standard; the typical pubertal
period of growth spurt happened a year later. When
comparing these normal Sudanese children to the present
N and S groups, values for velocity of growth rate were
shown to be lower than the Sudanese children at baseline
study, but similar at the end of the study.
Stunted girls showed a significant lower percentage of
body fat, but this difference disappeared over the follow-up
indicating a preferential increase in fat.
As to the other anthropometric measures, the S group had
higher waist/hip ratio. The waist/hip ratio reflects the
distribution of fat and distinguishes central from peripheral
obesity. In adults, an elevated waist/hip ratio is associated
with a high prevalence of noncommunicable diseases (Garn
et al, 1988; Hammer et al, 1991; Armellini et al, 1992;
Bonithon-Kopp et al, 1992). Studying normal pre-pubertal,
pubertal, and post-pubertal girls, Deurenberg et al (1990)
found values lower than those seen in the N and S groups,
which might indicate that the present low-income popula-
tion has a tendency towards central fat accumulation.
The present results corroborate with others studies and
support the theory that undernutrition in early life may
promote obesity in adulthood. This hypothesis is of
particular concern with regard to those populations in
developing countries, where, according to some reports,
43% of school-age children show some degree of stunting
(De Onis et al, 1993). As impairment in physical growth is
the major metabolic adaptation to undernourishment) these
individuals would be subject to all the problems resulting
from undernutrition and, as adults, would be more suscep-
tible to obesity and all its consequences.
Finally, the results of the present study revealed that the S
group had a lower increase in RMR over the follow-up
period, associated with an increase in the rate of weight gain
and a decrease in lean mass when compared to the N group.
Although these changes are chronic and take place slowly,
they show an initial process of higher velocity of weight gain
and point towards the presence of risk of obesity in the
stunted group. In addition, they suggest that these metabolic
changes in energy expenditure may be one of the mecha-
nisms for the increase in obesity among low-income
adolescents and women in Brazil and in other developing
countries.
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